FO U R GENERATIONS OF NUCLEAR PHYSICISTS By J. B. A d a m s , F.R.S.
[Plates 9 to 14]
In t r o d u c t i o n
1 1 'O review the course o f nuclear physics over many decades o f time in the JL space o f an hour's talk and yet leave time for predicting its future requires a rather impressionistic technique in the presentation. I have chosen as my time markers the human generations which, as I hope you will see, also mark distinct phases in the development o f the subject. Conventionally, a generation spans twenty-five years; hence a hundred years covers four generations. The first generation was that o f Rutherford and Bohr, followed in the second generation by Heisenberg, Pauli, Blackett, Fermi and their contemporaries, many o f whom are here today. The third generation is represented by the nuclear physicists o f my own age and finally the fourth generation are those young physicists, now about 25 years old, on whom the development o f this subject will depend in the next twenty-five years.
I will try to trace through these generations four main themes each o f which, in different ways, affects the future o f nuclear physics. Firstly, and most im portantly, the progress o f the research itself; secondly, the development o f the research apparatus; thirdly, the evolution o f the organization o f the research and lastly, the relationships between nuclear physics and the industrial societies which support it.
Clearly, I shall have to paint my picture with a very broad brush but I hope at the end you will have the impression o f an intellectual adventure o f which the twentieth century can be modestly proud and of which, whether he would have liked it or not, Rutherford helped to lay the foundation. Let me start with the research. :S the atom (b) Quantum states of the nuclei correct identification o f the formal multiplets with experimentally observed particles was proposed independently in London and California. The crucial test of the theory was put forward at a conference in Geneva and, after an in complete indication of its existence at CERN, the Q~ was finally identified by an experiment at Brookhaven in which the chances of recording all the neces sary data on a single bubble chamber photograph was reckoned to be about io8 : i. W hat an enormous international effort for one small particle! Certainly, nuclear particle physics is a very open-ended subject these days, continuously challenging the basic concepts of physics. But, one may ask, is it not too open-ended, are there not too many phenomena to digest? Are not the physicists getting a little desperate with their mystic allusions to the eight-fold way and their use o f Finnigan's Wake instead o f classical Greek sources for the naming of a new particle?
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Weisskopf, in a recent lecture (3), perhaps sensitive to this criticism, consoled himself and his audience by pointing out that, although each structural level reveals new phenomena, new forces and new events, the general pattern seems to remain remarkably constant, for example, the idea of the spectra o f quantum states. The following three figures illustrate his point. Plate 9a shows the quantum states o f the atom, plate 9b shows the quantum states of the nuclei and Figure 1 shows the quantum states o f the nucleon. The similarities between these three figures are remarkable although it should be noted that the energy levels increase at each stage from volts to millions o f volts to thousands o f millions of volts. It is as though nature is playing variations on some basic theme which has yet to be discovered. Figure 2 shows the result when elec trons bom bard hydrogen molecules where the quantum states o f the latter are separated by fractions o f a volt. Figure 3 shows the Franck-Hertz experiment w ith helium where the excitation o f the helium ground state is about 17 volts.
In Figure 4 we see the excitation o f a nucleus using inelastic electron scattering, where the excitation energies are in the millions o f volts and. finally, in Figure 5 , are shown the excited, states o f a nucleon where excitation energies are now fractions of thousands o f millions o f electron volts. The range o f excitation energies is io10 eV and yet, as Weisskopf said, the phenomena have a certain similarity.
E l e c t r o n S c a t t e r in g fr o m Pb-208 E = 600 MeV 0=31°S cattered Electron Energy (MeV) Even the forces involved in the reactions, he notes, have the similarity of repulsion at short distances and attraction at large distances. The chemical forces between atoms and molecules behave in this manner with repulsion at distances of the order of Angstroms. Almost the same curves can be used to illustrate the nuclear force but here the repulsive distance is io5 smaller and the force is about io6 times greater. To explain the chemical forces we need to know o f the Coulomb force and quantum mechanics but there is as yet no comparable ex8i planation o f the nuclear forces. Maybe, says Weisskopf, they will be explained by yet another internal structure but at the present time this is one of the big question marks.
Looking to the future, to the unsolved problems which will form the research in the coming years, there is evidently the spectrum o f the quantum states o f the nucleon to complete; work which can be described as nucleon spectroscopy.
There is also the problem o f a possible structure of the electron. In the lepton family there are the muon, the neutrinos and the electron and between them certain possible transitions. Judging from the present interest in muon and neutrino physics, this should be a rich field for the future.
Weisskopf also pointed out another interesting problem; the graininess o f 82 the proton itself. This question has a particular relevance to us today because it takes us back to Rutherford's famous experiment. Rutherford bombarded a metal atom w ith alpha particles and was very surprised when some o f his pro jectiles returned right back from the target. The momentum transfer o f the
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Figure 6. Electron-proton inelastic scattering cross sections. The bottom curve is the predicted scattering cross section and the top curve, the observed cross section. Incident electron energy was 16 GeV and the scattering angle 6 degrees alpha particles was much greater than if the charge o f the atom was distributed and hence it seemed that there was a concentration o f charge in the atom. A similar experiment to Rutherford's has recently been carried out at Stanford using electrons as the bombarding particles and protons as the target. The result is shown in Figure 6 . If the charge o f the proton were smeared out one would (b) The Berkeley Bevatron. The annular magnet encloses the vacuum chamber in which the protons circulate at constant radius. This is one of the last big accelerators to be built in a single hall Its successors were built in circular tunnels and hence cannot be photographed in their entirety.
have expected the bottom curve for cross section with energy whereas experi mentally one observes the upper curve. There is a factor o f 40 between them. Paralleling Rutherford's experiment, some o f the electrons are scattered back ward suggesting that there are concentrations o f charge in the proton. Ruther ford assumed, in analysing the results o f his experiment, that there was only one charge centre in the atom and this assumption allowed him to find the charge o f the nucleus since otherwise he could only have determined the product o f charge and atomic number. He could, o f course, have taken an analogy from atoms in a molecule and assumed several nuclei per atom, but this he did not do. Perhaps he instinctively knew that there was only one charge centre as he seems to have know n so many things about nature before they were discovered. In the case o f the proton, however, it is believed that there may be several charge concentrations and hence the idea o f the graininess o f the proton. It is too early to say what all this means-what these grains are-if indeed their existence is confirmed. It would o f course be very interesting if they were the quarks. Clearly, this is also one o f the great fields o f research for the future where higher bombardment energies and greater accuracy may reveal strange phenomena. I hope that these few examples are sufficient evidence that the research itself has a great future and that the problems for the next generation are just as exciting as those unravelled by the previous three.
I would now like to turn to m y second theme and trace the development o f the research apparatus over the four generations since this also determines the future o f nuclear particle physics. I shall take as an example the nuclear particle accelerators since they are the largest and most important tools o f the experi mental physicist.
T h e d e v e l o p m e n t o f n u c l e a r p a r t ic l e a c c e l e r a t o r s
To carry out experiments in nuclear particle physics it is necessary to create nuclear interactions in the laboratory. Rutherford used radioactive elements, radium and thorium sources, which emit alpha particles and he became per sonally very attached to these alpha particles. Another natural source o f nuclear particles are the cosmic rays which Powell and Occhialini used so effectively for their researches. The first nuclear particle accelerators were developed with the idea o f replacing these rather weak sources by more intense and better collimated beams o f particles with better defined energies.
In order to appreciate the extraordinary development o f these machines it is worth looking for a moment at the research apparatus in common use at the turn o f the century when Rutherford was a young man. The most popular high voltage source in those days was the induction coil, generally known as the Ruhmkorff coil, which was capable o f producing a few hundred thousand volts. A common accelerator tube was the Rontgen or X-ray tube, usually made o f glass, from which the air was evacuated by Sprengel or Toepler mercury pumps. Electric currents were supplied by banks o f galvanic cells or by accumu lators.
Some flavour o f the technology o f those times can be gained from an advertisement for this sort o f equipment by an English firm in 1897, which is shown in Figure 7 . The relationship between the experimenter and this equip ment is well illustrated by an article in a scientific journal o f 1898 which said: 'The possessor o f a good induction coil made by our leading instrument maker should cherish it as a violin player cherishes his Stradivarius' (4). I am sorry to say that modern research physicists have no such tender feelings towards par ticle accelerators these days but regard them more as something to exploit than to cherish.
It was from this simple technology that the giant machines o f today de veloped. The early induction coils were soon abandoned as high voltage sources although another machine o f those times, the separation o f charge or Wimshurst machine, lives on today as the electrostatic or Van de Graaff generator.
By common consent, the first accelerating machine used for important nuclear physics research is usually reckoned to be the voltage multiplier built by Cockcroft and W alton here at Cambridge in 1932. A well-known photograph o f this machine is shown in plate 10a, in which the young W alton can be seen pretending to adjust something at the bottom.
Even in the early 1930s it was clear that the way to higher particle energies was unlikely to be through the development o f higher voltage sources and longer accelerator tubes, and while Cockcroft and W alton were building their machine at Cambridge, Lawrence was busy in California inventing a new type o f machine, called a cyclotron, based on the principle o f resonant acceleration. It has been the development o f cyclic machines, o f which the cyclotron was the first example, which has enabled the accelerated particle energies to be raised from 0.5 MeV o f Cockcroft and W alton to the 500000 MeV o f the machines now under construction-an energy increase o f six orders o f magnitude-and all this has been achieved by two generations o f scientists.
Before describing this development, I would like to refer to two pictures of an early cyclotron built by Lawrence and Livingston in 1932 which illustrate the technology o f that time. The first, plate n a , shows a general view o f the apparatus and the second, plate 11b, shows its vacuum tank and accelerating
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The reason for this was not the war itself but a new idea announced almost simultaneously in 1945 by McMillan at Berkeley and Veksler in Moscow. This new idea, called the principle o f phase stability, overcame a fundamental limi tation o f cyclotrons and opened the way to the very high energy machines. The 184-in. Berkeley cyclotron was rapidly modified and in its new form, called a synchrocyclotron, it is still in operation today, giving proton energies o f about 700 MeV. Plate 12a shows a similar Russian machine built after the war at the Joint Institute for Nuclear Research at Dubna near Moscow.
Larger machines than this could be built. The limitations are not so much in principle as in such practical considerations as the high magnet costs and power consumption.
The next development sought to avoid these economic limitations by accelerating particles at constant radius instead o f following the spiral path of the previous machines. These new machines, called synchrotrons, enabled the 1000 MeV or 1 GeV mark to be exceeded for the first time and several such proton accelerators have been built in the world, amongst which are the 7 GeV Nim rod machine at Rutherford Laboratory near Oxford and the 6 GeV Bevatron at Berkeley which is shown in plate 12b.
Finally, in 1952, Courant, Livingston and Snyder announced another new idea which enabled further economies to be made in the magnet system of syn chrotrons and it is on this principle, o f the alternating-gradient focusing o f the protons, that the most recent machines are based. Plate 13a shows a partial view o f one o f these machines, the CERN 28 GeV proton synchrotron, in which the Plate 13 (a) The CERN 28 GeV proton synchrotron The a n n u l a r magnet is built in units o f which several can.be seen in the photograph. Their cross section dimensions are much smaller than those of the Bevatron (see Pi. 12b). The diameter of the machine is 200 m and it is built in a circular tunnel (b) The Layout of the 200-400 GeV CERN proton synchrotron The diameter of the machine is 2200 m and the land it will occupy is shaded in the illustration. It is fed with protons from the CERN 28 GeV proton synchrotron which is the small circle at the bottom centre. To the left of the 28 GeV machine are the Intersecting Storage Rings also fed from the 28 GeV proton accelerator. The long projection to the top o f the picture is the Experimental Area for the new machine which measures 4 km in length and 500 m in width small size o f the m agnet cross section can be com pared w ith the Bevatron m agnet show n in plate 12b.
A t the present time tw o very large machines o f this type are under con struction, both proton synchrotrons and both aimed at accelerating particles to about 400 GeV. O ne is located at Batavia near Chicago, and the other at C E R N near Geneva.
Xhe new C E R N machine is conceived as an integral part o f a large acceler ator com plex as is illustrated in plate 13 b. The small ring at the bottom o f the illustration is the present 28 GeV proton accelerator which in the future will serve three purposes. Firstly, it will provide protons for experimentation up to 28 GeV energy, secondly it will act as the injector for the 400 GeV machine and thirdly it will feed protons into a device called intersecting storage rings. The purpose o f this latter device is to create in the laboratory the highest reaction energies. The principle is simply to store tw o very intense beams o f protons, one in each ring and then to let them collide head-on so that the interaction energy in the centre-of-mass system is just the sum o f the proton energies in the tw o beams. Thus w ith 28 GeV protons from the C E R N synchrotron stored in each ring the centre o f mass energy in the nucleon-nucleon collisions is 56 GeV, w hich corresponds to the reaction energy made available by a proton beam o f 1700 GeV energy striking protons at rest in a target. Plate 14a shows a view o f this machine.
T o conclude this part o f m y talk I w ould like to refer to tw o photographs w hich m ore than anything else sum up the enormous development in research apparatus w hich has taken place during the first three generations o f scientists. The first (see plate 10b) is the w ell-know n picture o f Rutherford holding in his hands the apparatus he used in one o f his experiments. The second (see plate 14b) The new machine will be built underground in tunnels bored in the rock. Hence very little evidence o f the machine will be seen at ground level and the area will continue to be used for farming and forestry. shows an aerial view o f the new accelerator complex at CERN in which it is impossible even to see a man, so large has the apparatus grown since Ruther ford's days.
T h e o r g a n iz a t io n o f t h e r e se a r c h
Having traced two o f my themes through the four generations I now come to m y third theme, which is the way the organization o f the research has developed, for on this also depends the future o f nuclear physics. Let me begin w ith two comparisons.
Firstly, Cockcroft once told me that the machine he and W alton built at the Cavendish in 1932 cost about -£1000. The 28 GeV proton accelerator at CERN, which was completed in i960, cost about -£12 million and the new machine which we are now building, together with its laboratory, will cost about .£120 million by the time it is finished in 1979. To put this large sum o f money into perspective I should add that since the new CERN machine will be used by about 2000 European physicists for the next thirty years the capital cost which it involves works out at only -£2000 per physicist per year-a sum comparable w ith a good annual salary.
The second comparison is the following. Rutherford worked directly with different members o f his team on experiments whose duration could be measured in weeks or months and whose results could be published by one or tw o authors soon afterwards. An experiment at CERN nowadays takes a team o f 20 to 30 experimenters from many universities to carry out, needs the sup porting services o f 40 to 60 other people and takes anything from three to four years to plan, carry out, analyse and publish. The first page o f the publication is usually taken up with the list o f authors and their affiliations.
These two comparisons perhaps explain why the organization o f this research has become almost as important to the subject as the experimental research and the apparatus, for without a sophisticated organization it would be quite impossible to carry out experiments nowadays.
In a sense this development is to be regretted for no research physicist likes organization and still less does he like to be subject to the discipline o f any organization. Yet it is an unfortunate feature o f this research that it now requires giant machines, large teams o f people and huge sums o f money for its con tinuing progress and these involve a considerable amount o f organization.
The basic problem lies in creating an ambience in the laboratory which is conducive to creative research and at the same time providing an efficient and economic organization which can construct and operate the massive apparatus and service the numbers o f people required to carry out the experiments. To keep the w hole system going also requires a steady financial support and a financial control appropriate to the size o f the sums o f m oney involved.
N o such elaborate m anagem ent system was necessary in R utherford's generation and it only began to be required in Europe in the 1950s. Fortunately, several physicists o f the second and third generation, due to their w ar-tim e activities, had acquired a considerable managem ent experience and were able to transfer this experience to nuclear physics research afterwards. Cockcroft in England was one such scientist and in other European countries other scientists played similar roles, such as Perrin in France, Amaldi in Italy and Gentner in Germany.
W hen, in the early 1950s, the size o f the accelerators and the laboratories required for the research outgrew the financial possibilities o f the individual countries o f Europe, it was the scientists o f the second generation w ho together conceived the idea o f international research facilities in Europe which finally led to the construction o f the laboratories o f C E R N near Geneva.
It is interesting to list the members o f the Scientific Policy Com m ittee which was set up in 1954 to guide this new European laboratory. The chairman was Heisenberg and the other members were Bohr, Cockcroft, Scherrer, Alfven, Leprince-Rinquet, Blackett and Bernardini. Amaldi was the first SecretaryGeneral and Perrin and Powell joined the Scientific Policy Com m ittee a few years after its foundation.
There now exists in Europe a remarkable edifice o f experimental facilities for nuclear particle physics-a sort o f pyramid. The base o f the pyram id con sists o f all the European university laboratories and groups which carry out the research. Then there are laboratories, such as the Rutherford and Daresbury Laboratories in this country, w hich provide experimental facilities for univer sities at the national level. A t the peak o f the pyram id is the C E R N Laboratory w hich provides the highest energy facilities for all the universities o f Europe.
A system has evolved to manage all these facilities. In the individual coun tries there are the Research Councils w ho manage the national laboratories and fund the university research teams. The controlling board o f C ER N -the Council-is composed o f national representatives from these Research Councils or their equivalents in the European m em ber states. Thus the planning and organization o f the research and the provision o f facilities is nowadays carried out on a European-wide basis.
Perhaps the most remarkable feature o f this edifice is that it works so well and that the creativity o f the subject has been maintained despite all the organiz ation. Nevertheless, research on this scale brings its ow n problems and the life o f an experimental physicist these days is very different from that o f Rutherford. N ot only are the physicists now dwarfed by the accelerators, but the size o f the machines has brought into the research relationships which were totally absent in the early days.
For example, nuclear physicists o f the first and second generation could teach in their universities part o f the day and carry out research in their labor atory for the rest o f the day, since both activities took place in the same univer sity. Nowadays, the size o f the accelerators has taken the experiments out o f the universities and into national and international laboratories and this has placed a severe strain on the teaching-research relationship which is so essential to scientific work. It is still the university-based scientists who carry out research but they must now travel to a foreign country to perform their experiments. Furthermore, they must submit their experimental proposals to international committees o f research physicists who decide whether or not their experiments are carried out and at which hour o f the day or night. O n top o f all this the very size and complexity o f the equipment they use can easily lead them to mistake technical virtuosity for originality in research. To reconcile all this with univer sity teaching requires considerable stamina and, I should add, a very tolerant wife and family.
Yet if first-rate research is to continue in conjunction with university teach ing, which I believe to be essential, if creative genius and originality are not to be dulled or distracted by all the technology and organization, a way must be found to free the minds o f the young physicists o f today so that they can bring the full power o f their intellects to bear on the real research problems.
As Heisenberg has said, 'Science is made by men'. The machines and the organization are necessary these days in order to continue with the experimental research but they are not the purpose o f the research.
R e s e a r c h a n d s o c ie t y
Finally, I come to my fourth theme-the relationship between nuclear physics research and the industrial societies in which it is carried out.
There can be few scientific researches which have had such an impact on society in the first few decades o f their existence as nuclear physics. Everybody in the world is conscious in some way o f the existence o f a new force o f nature released through the discoveries o f the nuclear physicists. Very few people, o f course, are familiar with the elements o f the science involved, nor with any science for that matter, and even fewer can follow the research, but neverthe less, through the dramatic applications o f the discoveries o f nuclear physics, new balances have emerged amongst the countries o f the w orld and the hopes and fears o f its inhabitants have been changed.
The most dramatic application, w hich largely accounts for this im pact o f nuclear physics on society is, o f course, the nuclear bomb. The other application, the release o f nuclear energy through the development o f nuclear fission reac tors, although o f m ore use in everyday life, is less dramatic and hence less generally appreciated. Nevertheless, having now reached the stage o f com m er cial exploitation, nuclear energy seems bound to gain in importance as m ore and m ore o f the electrical energy demanded by the industrialized countries, and those seeking this status, is generated by nuclear reactors. The application o f nuclear fusion energy still lags behind, although recent advances promise a solution to this problem if n o t in the third generation o f physicists then at least in the next.
It is often said that Rutherford did not foresee any practical application o f his research and to have remarked that he was doubtful w hether the most intelligent scientific man, except in rare cases, was able to foresee the result o f any discovery. Yet in a lecture given in 1936, the year before he died, he referred to the possibility o f obtaining energy on an industrial scale from nuclear transformations in the following w ay: 'W hile the overall efficiency o f the process rises w ith increase o f energy o f the bom barding particle, there seems to be little hope o f gaining useful energy from the atoms by such methods. O n the other hand, the recent discovery o f the neutron and the p ro o f o f its extra ordinary effectiveness in producing transmutations at very low velocities opens up new possibilities, if only a m ethod could be found o f producing slow neu trons in quantity w ith little expenditure o f energy.' This seems to me a remark ably accurate prediction, especially since only tw o years later, Hahn, his student from the McGill days, together w ith Frisch and Meitner, showed how the uranium nucleus could be split w ith just such a release o f neutrons.
It was due to these applications o f nuclear physics discoveries that an ever increasing demand for nuclear physicists was placed on the universities o f the industrialized countries in order to satisfy the needs o f the governm ent organiz ations and industries involved in their development. Also the social value o f the nuclear physics research became m ore generally appreciated so that as univer sity departments grew in size and num ber in order to provide the graduates, the am ount o f fundamental research they carried out grew proportionally, together w ith its financial support.
Nowadays the demand for these graduates seems to be slackening off as the applications pass from the research and development stage into the engineering and commercial stages. It is also noticeable that the financial support for the fundamental research is now slackening off so that the post-war annual increases in research expenditures, which persisted until the mid 1960s, have been re placed in many countries by almost constant annual budgets.
The relationship between nuclear physics research and the societies which support it financially therefore seems to me mainly due to the applications and through them to the need o f these societies for the science graduates which are produced each year by the universities. This is surely a powerful argument for keeping research and teaching together. The research itself is too esoteric to be generally appreciated although, o f course, it has an intrinsic value o f its own and it forms an essential part o f higher education in all the developed countries. This is another strong argument for keeping research and teaching together.
Another impact which nuclear particle physics has had on the countries supporting it in recent years is due to the way the research facilities have become internationalized. In Europe, CERN was set up to provide the largest experi mental facilities for the use o f all the universities in its member states. However, CERN has not been an inward-looking organization, content only to serve European needs since through CERN have been pioneered wider international scientific collaborations with America, Russia, the Eastern European countries and many others. Physicists from these countries come to w ork at CERN and use its facilities and, in return, European physicists use their facilities. For exam ple, an experimental group from CERN is at present working at Serpukhov near Moscow using the 70 GeV Russian proton synchrotron for which CERN has designed, built and is now installing the proton ejection system. Thus CERN is not only the European centre for the very largest experi mental facilities, it is also itself a successful experiment in international integra tion much appreciated by the governments o f its member states who have used this example to pioneer other collaborations, some outside the field o f funda mental research.
It may encourage people in this country, where tomorrow Parliament will be deciding whether or not to join the European Common Market, that the nuclear physicists decided this question in their own field o f activity back in 1953 and the result has been most successful during the last eighteen years.
C o n c l u s io n
I have now come to the end o f my four themes and picture I wished to present to you is as complete as I can make it. As I said at the beginning it is a rather impressionist picture painted with a very broad brush but in trying to follow through what has happened since Rutherford's day I hope I have also managed to show what the future o f nuclear particle physics now depends on and how it is likely to develop.
As far as the research is concerned, we seem to be in the situation o f gather ing more precise experimental information-a situation similar in some ways to the period o f optical spectroscopy before the quantum theory. W e await a unifying theory to give understanding to the mass o f data which has been accumulated and is still being accumulated. Maybe, as Weisskopf thinks, it will be necessary to get experimental evidence o f a finer structure before this is pos sible. Alternatively, as Heisenberg said in a recent talk (5), it may be that only the complexity o f the phenomenon is the obstacle to a complete theory o f the particle spectrum and the picture we now have o f nuclear particle physics is consistent w ithout any inner contradictions. If this is so, the cross sections at the highest energies will behave asymptotically and there are no quarks. Thus there is, so to speak, the W eisskopf hypothesis o f a finer structure yet to be revealed and the Heisenberg hypothesis o f asymptotic cross sections and no finer struc ture. It is the purpose o f the new machines, the storage rings and the 400 GeV accelerators, to enable experimenters to determine which hypothesis is correct. This task will, I am sure, be the inspiration and the future triumph o f the young physicists now in their twenties and what more splendid challenge could they have.
As far as the research apparatus is concerned, what is now being built is the apparatus for the fourth generation o f physicists, particularly the giant acceler ators, for they will be in service until the end o f this century. This fact is itself a little worrying, for each generation can only have a limited vision o f the future and yet by its plans and decisions it nevertheless proscribes that future. O f course, the machine now being built will permit a very wide range o f experi mentation. Also, because the large machines and other facilities are now grouped together in national and international laboratories, the universities are much freer than they used to be in choosing their nuclear research programmes and even in switching their interests from one scientific field to another.
As far as the organization o f the research is concerned, we must continue to seek a compromise between an efficient and economic operation o f the big research centres and their machines and the freedom o f thought and action for individual research scientists without which the subject will decline from lack o f creativity.
As far as the social relationships o f nuclear particle physics are concerned it is evident that the industrial countries have made great use o f the discoveries so far and, no doubt, the present scale o f the research owes much to the use that has been made o f it. Nevertheless, it seems to me that basically research as fundamental as this is, and must remain, part o f higher education in the universities.
As far as future applications o f this research are concerned, I hold to Ruther ford's view although there is one application which, if brought successfully to a conclusion, would neatly round off the w ork o f my generation and that is a nuclear fusion reactor. I confidently expect that before I hand over to the next generation a way will be found to solve this problem.
I would like to end with a remark about Rutherford. I never met him-he died when I was 17.1 know him only through his research and from the people who worked with him at the Cavendish. I am not at all sure, from what I know, that he would have approved o f all the organization, the giant machines and the expenditures now associated with the research. However, when a research subject requires such large machines, many other factors, apart from the re search itself, play important roles and cannot be ignored. The future depends on all o f them, on the apparatus and the organization as well as on the research and also on the attitudes o f society towards the research. These factors call for different abilities and skills from the people concerned so that there are now not only theoretical and experimental physicists but also accelerator physicists, data analysts and electronics physicists. There are even organizing physicists usually called laboratory directors.
All are required for the research to continue and surely that is the important thing. O f this, at least, I am sure Rutherford w ould have approved. 
